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Study of the Six-seam Trawl―Ⅰ
 The Mechanical Characteristics of a Six-seam Trawl Net
Muchtar AHMAD and Kei NAKASAI
 In order to improve the design of fishing gear and its performance, 
the knowledge of the characteristics of the gear in operation is of a 
major importance. Meanwhile, the behaviour of a trawl gear is much 
affected by its geometrical performance accompanied by hydrodynamic 
 forces acting on. Considering that the hydrodynamic  forces by the 
current on an operating trawl net finally act on the harness lines, and 
the geometric planform of the harness lines could be approximated to be 
a part of circular arc of various curvatures or a straight line, a set of 
twenty equations from the theoretical analysis of the geometrical  confi-
guration and the mechanical characteristics of a six-seam constructed 
trawl net is presented in this paper. To verify the validity of the 
theoretical analysis, a series of experiments on the six-seam trawl model 
was conducted in a ferro circulating water tank. Accordingly, the agree-
ment between theoretical analysis and experiments of model was not 
close enough to be accepted uncritically, especially  for its  performance, 
however the analysis of the total resistances was in favorable agreement 
to the experimental results.
Introduction 
 Apparently the trawling gear developed from the original two-seam constructed 
trawl net to be  four-seam, six-seam and eight-seam constructed trawl net, accompa-
nied by the development in its methods and operations from one-boat small trawling 
to two-boat bigger trawling and from side trawler to stern trawler. The development 
in methods as well as in operations of trawling is due to rapid increase of oceanic 
fishing after the World War II. Nevertheless, much of those improvements was 
made by the employment of the gear based on trial-error methods. 
 Progress in scientific analysis and methods has made it feasible to construct and 
use mathematical models as well as mechanical models in analyzing the characteristics 
of the trawl net in operation, which are conceptually different from the models we 
are familiar with today. 
 Up to recent years, amongst many investigators who used the scientific analysis 
and methods in trawl gear research,  KAWAKAMI') reported the mechanical characteri-
stics of drag-net, and obtained theoretically nineteen equilibrium equations of a 
dragnet configuration and its tension distribution. Then,  NAKASAI et al.2) studied the 
configuration of Danish seine, and obtained eighteen equations by means of the 
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ig．　9．　Theoretical　relation　of　the　total　resistance　of　nets　（fed／f）　to
　　　　　the　spread　of　wings　（Y／L）　of　six－seam　trawl．
anging　from　25　cm　to・　50　cm　was　divided　at　an　interval　of　s　cm　for　each　water
elocity　ranging　from　4．7　cm／sec　to　46　cm／sec　with　an　average　interval　2．65　cm／sec．
ence，　for　each　distance　in　the　beam　or　for　six　steps　of　sprqad　of　wings，　the　tension
nd　performance　of　nets　were　observed　for　17　water　velocities．
　The　condition　of　the　ferro　circulating　water　tank，　where　the　experiment　was
onducted，　has　been　，　well　explained　in　the　reference　by　FLoREs　and　NAKAsAii2）．
uring　the　experiment　the　water　temperature　was　ranged　from　25．10C　to　26．30C　and
he　room　temperature　from　28．10C　to　300C，　w　hich　were　satisfactory　for　the　conditions
eeded　by　the　electronic　instruments　used．
　As　the　examples　of　experiment　conducted，　a　pictu．re　（left）　taken　from　the　top　to
ecord　the　spread　of　wings　（Y）　and　the　angle　of　attack　Bw，　and　a　picture　（right）
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Fig．　10．　Theoretical　relation　of　the　total　resistance　of　nets　（fw／f）　to
　　　　　　　the　elevation　of　headline　（Z／L）　of　six－seam　trawl．
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Six－seam　trawl　model　in　the　experimental　water　tank．
（left）　and　from　side　window　of　water　tank　（right）．
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taken　simpltaneouly　from　the　side　window　of　water
mouth　（Z）　are　presented　in　Fig．　11．
tank　to　record　the　height　of’
Results　and　Discussion
　　The　observed　value　（Obs．）　was　obtained　from　the　experimental　results　and　the・
calgulated　value　（Cal．）　obtained　from　the　numerical　computation　which　was　based　on．
the　theoretical　analysis　and　the　dimensions　of　model　expriment　was　evaluated．　Thus・
the　both　values　were　plotted．for　coincidence　as　a　basis　to　verify　the　validity　of’
theoretical　analysis．
　　Here，　though　the　range　of　the　angle　of　attack　at　the　tip　of　wing　fQr　the　basis　of’
numerical　computation　was　between　50　and　850　at　the　interval　of　50，　the　angle　．　of
attack　was　only　available　between　100　and　370　in　the　experimental　results，　since　the・
spread　of　wings　was’ @adjusted　by　the　distance　in　the　52　cm　length　bamboo　beam．
Therefore，　the　comparison　of　both　values　were　carried　out　within　the　experimeptal
range　of　angle　of　attack．
　　The　calculated　value　of　the　performance　of　net　in　operation　is　compared　with　the－
observed　value　in　Figs．　12　and　13．
　　In　Fig．　12，　the　calculated　value　（Cal：abscissa）　of　the　spread　of　wings（Y／L）　is．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　compared　with　the　observed　value　（Obs：
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ordinates）　within　the　experimental　range　of’
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Fig．12．　Comparison　between　the　calculated
　　　　　　　value　　（Ca1．）　and　　the　　observed
　　　　　　　value　　（Cbs．）　of　the　spread　　of
　　　　　　　．wingS（Y／L）．
During　the　experiment　of．　the　six－seam　trawl　modeI
almost　on　every　occasion．　Where，　the
was　a．bit　bigger　than　that　of　the　foot　of　danlenos，
　　Theoretically　the　spread　of　wings
assumption　that　the　danlenos　stand　vertically　to　the　bottom，　while　the　observed　value
of　the　spread　of　the　foot　danlenos．　Moreover，　the　rneasurement　of　the　angle　of．
attack　was　also　improper，　not　only　due　to　the　difference　between　the　spread　of　the．
foot’≠獅п@the　head　of　danlenos，　but　also　to　the　measurement　method　on　the　projection
the　angle　of　attack　B．．　Since　most　of　the
marks　are　above　the　agreement　line，　’ モ撃?≠窒撃
the　observed　value　is　slightly　bigger　than
・the　calculated　value，　especially　for　low　water
velocity．　However，　when　the　water　velocity’
is　high，　the　relation　between　observed　values
and　calculated　values　tends　to　be　in　agree－
ment．　Disagreement　between　both　vaiues　is・
seemingly　due　to　the　methods　of　determin－
ation　of　the　spread　of　wings　（Y），　especially
in　the　experiment　results．　Similar　to　’the
report　by　NAKAsAi　and　FLoREs9）　on　the
theoretical　studies　of　mechanical　character－
istics　of　two－seam　trawl　net，　the　wing　under
towing　condition　does　not　stand　vertically
to　．the　bottom．　lt　means　that　the　spread　of
wings　（Y）　between　the　foot　of　danlenos
differs　from　that　of　the　head　of　danlenos．
　　　 　　　　　　，　the　same　cases　obviously　occured
　spread　of　wings　at　．　the　head　of　danlenos
　　　　　　　　　　as　illustrated　in　Fig．　11　（left）．
of　the　calculated　value　was　based　on　the
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of　taken　film　（negative　film），　which　should　be　improved．　Therefore，　a　slight
difference　between　the　calculated　values　and　observed　values　of　the　spread　of’　wings
is　unavoidable，　unless　a　new　method　of　the　measurement　is　developed．　Moreover，　of
course　it　should　be　accompanied　by　the　improvement　in　the　theoretical　analysis，　and
at　least　the　spread　of　wings　on　both　the　head　and　foot　of　danlenos　as　well　as　the
angle　of　attack　at　both　points　should　be　treated　respectively．　Therefore，　’as　have
been　mentioned　by　CREwEi3），　the　formulae　that　are　related　to　the　angle　of　attack　at
the　head　and　foot　of　danlenos　should　be　developed　for　more　accuracy　of　the　spread
of　wings　performance．
　　Nevertheless，　since　the　spread　of　wings　in　the　experiments　was　adjusted　by　the
fixed　distance　at　the　bamboo　beam，　the　spread　of　wings　（Y／L）　instead　of　Bw　will　be
used　as　a　basis　of　the　comparison　between　the　calculated　value　and　the　observed
value　of　the　height　or　the　elevation　of　headline　（Z／L）　as　well　as　the　total　resistance
of　nets　（fev／f）　to　avoid　further　unsufficient　agreement　between　the　observed　and
calculated　values．
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Fig．　13．　Comparison　between　the　calculated
　　　　　　　value　（Cal．）　and　the　observed　value
　　　　　　　（Obs．）　of　the　elevation　of　headline
　　　　　　　（Z／L）．
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Comparison　between－the　calculated　value
（Cal．）　and　the　observed　value　（Obs．）　of
the　total　resistance　of　nets　（fw／f），
showing　good　coincidence　of　both　values．
　　The　compari’son　of　the　calculated　value　of　the　elevation　of　headline　with　the
observed　value，　as　plotted　in　Fig．　13，　shows　an　agreement，　especially　when　the　water
velocity　is　lower．or　when　・the　value　of　K　is　less　than　5．　But，　if　the　value　of　K　is
more　than　5，　the　observed　value　will　be　bigger　than　the　calculated　value．　As　shown
in　Fig．　13，　clearly　the　clusters　of　both　values　are　scattered　above　and　below　the
agreement　line．　The　fact　that　more　clusters　are　below　the　agreement　line　could　be
interpreted　that　the　calculated　value　is　a　bit　bigger　than　the　observed　value．　The
difference　between　both　values　apparently　is　due　to　the　fact　that　the　spread　of　the
foot　of　danlettos　vettical　to　the　bottom　as　the　basis　of　the　calculated　value　waS
wider　than　the　spread　of　the　foot　of　danlenos　as　the　basis　of　the　observed　values．
　　Moreover，　contrary　to　the　general　tendency　in　comparison　of　both　values　of　the
headline，　the．calculated　value　of　the　total　resistance　of　nets　is　in　good　agreement
with　the　observed　value，　although　a　little　bigger　in　the　observed　value，　as　plotted　in
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Fig．　14．　lt　seems　that　the　little　difference　is　due　to　the　hysteresis　effect　and　the
friction　of　pulley　during　the　experiment．
　　As　illustrated　in　Figs．　12，　13，　14，　the　calculated　value　and　observed　value　of’　trawl
performance　were　not　in　satisfactory　agreement．　While　the　calculated’　value　was
bigger　for　the　elevation　of　headline，　the　observed　value　was　bigger　for　．spread　of
wings．　Meanwhile，　the　calculated　value　of　the　total　resistance　of　nets　was　almost　in
agreement　with　the　observed　value．　Those　phenomena　might　also　be　affected　by　the
difference　in　method　and　・instruments　of　measurement．　The　electronic　instruments
used　in　the　experiment　were　obviously　more　efficient　than　the　other　instruments　or
recording　instruments．
Conclusion
　　On　the　theoretical　analysis　of　mechanical　characteristics　of　a　six－seam　trawl　treated
here，　a　set　of　twenty　equations　of　the　six－seam　trawl　have　been’established　theo’ 窒?|
tically，　and　the　gear　performance　graphs　presented　in　this　paper　（Figs．　5　to　10）　show
the　characteristics　curve　of　the　six－seam　trawl．　These　have　been　derived　from　nume－
rical　computation　based　on　the　theoretical　equations　and　the　dimensions　of　a　model
six－seam　trawl．
　　From　a　series　of　model　experiments　conducted　to　verify　the　validity　of　theoretical
analysis，　it　is　generally　found　that　on　the　comparisons　of　calculated　values　and
observed　values　of　trawl　performance，　the　agreement　between　theoretical　analysis
and　experimental　results　was　not　close　enough　to　be　accepted　uncritically．　And
．therefore，　the　theoretical　analysis　as　well　as　the　methods　of　measurements　should　be
improved，　and　at　least　the　formulae　related　to　the　angle　of　attack　at　the　foot　and
the　head　of　danlenos　should　be　established．　On　the　other　hand，　as　the　calculated
values　of　the　total　resistance　of　nets　were　compared　with　the　observed　values，　the
both　values　were　scattered　adjacent　to　the　agreement　line　or　were　almost　in　close
agreement．
　　Therefore，　in　summary，　good　coincidence　between　calculated　value　and　observed
value，　as　mentioned　above，　may　be　used　as　’a－reasonable　validity　of　theoretical　analysis
on　the　mechanical　characteristics　of　the　six－seam　trawl．　ln　other　words，’　it　could　also
be　best　stated　that　a　set　of　twenty　equations　of　a　six－seam　ttawl　established　in
this　study　is　applicable　to　the　consideration　of　or　reference　to　the　performance　and
characteristics　curve　of　the　six－seam　trawl　in　practice．
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